The pharmacokinetics of perchlorate and its effect on the hypothalamus-pituitary-thyroid axis in the male rat.
Perchlorate, an environmental contaminant, is known to disturb the hypothalamus-pituitary-thyroid (HPT) axis by blocking iodide accumulation in the thyroid. Iodide deficiency can lead to hypothyroidism and goiter in rats. The objective of the study was to characterize the pharmacokinetics of perchlorate in male Sprague-Dawley rats relative to inhibition of thyroidal radiolabeled iodide uptake and onset of up-regulation of the HPT axis. Radiolabeled perchlorate (3.3 mg/kg (36)ClO(-)(4)) was excreted in urine (99.5% over a 48-h period). (36)ClO(-)(4) is rapidly distributed into tissues with preferential sequestration into skin, gastrointestinal tract (GT), and thyroid. Calculated half-lives of (36)ClO(-)(4) from the skin, thyroid, plasma, GT, and GT contents were 32.0, 7.6, 7.3, 10.0, and 8.6 h, respectively. Perchlorate was very effective at inhibiting thyroidal uptake of radiolabeled iodide ((125)I(-)). In animals iv dosed with perchlorate followed by an iv challenge of (125)I(-), thyroidal (125)I(-) uptake was diminished by 11, 29, 55, and 82% at 11 h postdosing in the 0.01, 0.1, 1.0, and 3.0 mg/kg perchlorate dose groups, respectively. In perchlorate drinking water studies, dose-dependent inhibition in thyroidal uptake of (125)I(-) initially occurred with corresponding increases in serum thyroid-stimulating hormone (TSH) levels and decreases in thyroid hormone levels. TSH stimulated recovery from the initial perchlorate blocking effects was evident during 14 days of treatment in the 1.0 and 3.0 mg/kg per day treatment groups. However, recovery of serum thyroid hormones at these doses was much slower despite evidence for iodide sufficiency in the thyroid. These results suggest that the typical homeostatic mechanisms of the thyroid may respond differently at high doses of perchlorate used in this rat study (above 1 mg/kg per day) or perchlorate may be acting on the HPT axis by mechanisms other than thyroidal (125)I(-) uptake inhibition.